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Objective: When the probability of being cited depends on the outcome of that study, this is called citation 
bias. Aim of this study is to assess the determinants of citation and how these compare across six different 
biomedical research fields. 
 
Study design: Citation network analyses were performed for six biomedical research questions. After 
identifying all relevant publications, all potential citations were mapped together with the actually performed 
citations in each network.  As determinants of citation we assessed: study outcome, study design, sample 
size, journal impact factor, gender, affiliation, authority and continent of the corresponding author, funding 
source, title of the publication, number of references and self-citation. Random effect logistic regression 
analysis was used to assess these factors. 
 
Results: Four out of six networks showed evidence for citation bias. Self-citation, authority of the author and 
journal impact factor were also positively associated with the probability of citation in all networks.  
 
Conclusion: The probability of being cited seems associated with positive study outcomes, the authority of its 
authors and the journal in which that article is published. Additionally, each network showed specific 
characteristics that impact the citation dynamics and that need to be considered when performing and 
interpreting citation analyses. 
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What is new? 
 
Key Findings: 
• Citation bias might be quite common and amplifies the well-documented effects of publication 
bias 
• Authority of authors and journals as well as self-citation were also found to be generic 
determinants of citation  
 
What this adds to what was known?  
• Previously, citation analyses have been performed with a variation of methodologies. By using 
the same method on six networks, we were able to compare citation patterns across six 
research questions.  
 
What is the implication and what should change now?  
• Authors, reviewers and editors should be aware that citation bias is probably common and can 
hamper a balanced interpretation of study findings. 
• The probability of being cited is often not related to the quality of a study. This provides 
support for the growing concern about using the number of citations as metric in the 






























The functioning of the scientific and scholarly publication system and its impact on correct 
development of knowledge are increasingly being scrutinized. An important aspect in this regard is 
publication bias, meaning selective publication of studies with welcome, spectacular or statistically 
significant results, refraining from publishing studies not belonging to these categories (1). Publication 
bias is well studied and widely recognized as a problem in scientific and scholarly research (2). 
Secondly, outcome reporting bias refers to selective reporting of certain findings within a publication 
(3). The current study focuses on the next step in knowledge development, namely citation of earlier 
research. By selectively citing certain publications, additional to publication and outcome reporting 
bias, knowledge development can be subtly driven into a certain direction (4). In case the citation or 
non-citation of publications is based on the nature and direction of the results, is called citation bias 
(5). 
Citations assign priority or ownership of a claim or finding to authors of the cited publication and are 
used to integrate findings in the existing consensus (6). The number of received citations is often used 
as metric to evaluate performance of academics (7), institutes and journals (8). Because the reward 
system focuses on the number of received citations, being cited has become a goal in itself, relating to 
high publication pressure (9). Consequently, researchers are tempted to cut corners and violate basic 
methodological principles, to get results that might be cited more often (10, 11). Multiple surveys 
showed that selectively citing publications to enhance one’s own findings and please editors and 
reviewers is a frequent misbehavior in multiple disciplines (12, 13). Recently the idea that number of 
publications and citations are a suitable indicator of study quality has been challenged (14). 
Recommendations to get away from the focus on these metrics are formulated in the San Francisco 
Declaration on Research Assessment (DORA) and the Hong Kong Principles (15, 16). By evaluating 
and valuing also other types of scientific output, publication pressure may be reduced and more focus 
can go to actual scientific quality of studies and researchers. However, time is needed for this 
research culture to actually be altered. 
For correct knowledge development, citations should give a balanced overview of available supportive 
and non-supportive evidence with regard to a given hypothesis. Apart from study outcome, many other 
determinants can drive this selection. We realize that not all selective citation leads to biased 
knowledge development. Study quality is, apart from the subject of the publication, the only clearly 
justified determinant of citation. Although it is difficult to measure study quality, checklists are available 
for a number of study designs (17, 18). Proxies for study quality can be found in study design and 
sample size. Additionally, journal impact factor and authority of the authors might affect the probability 
of citation. However the journal impact factor is measured at the journal level, which does not 
necessarily translate to a single publication (7). Research showed that 80% of the journal impact 
factor is attributable to 20% of the publications (7, 19). Author-related factors that might relate to the 
probability of citation are gender, affiliation and geographical location of the authors. With regard to 
gender, contradicting theories exist. Bornmann (2006) hypothesized that the probability of being cited 









publish less (20), but make up for that in terms of citations (21). Regarding affiliation, for-profit 
affiliations are expected to be cited less compared to universities, following lower perceived trust in 
industry-funded research (22). Regarding the continent where studies are performed, research 
showed North American authors tend to cite each other, while leaving out others (23). The effect that 
all these factors have on citation and on knowledge development is expected to vary across research 
fields. 
Consequences of selective citation are difficult to quantify and can occur on different levels. By 
disregarding counter-evidence, unfounded consensus (24) or polarisation (25) can develop. Citation 
bias might lead to ill-advised research programmes and contribute to research waste (24, 26). Citation 
bias can also spread outside the research community, by contributing to distorted information in the 
media (27), and lead to misplaced medical or societal policy decisions (28).  
In a systematic review we demonstrated that citation bias has been reported in several academic 
fields, with varying magnitudes. Great variability in the methods was observed, contributing to high 
heterogeneity in the accompanying meta-analysis (29). Learning from these earlier studies, we have 
optimized our method to assess citation bias and other determinants of citation. The current 
publication describes the findings of citation analyses we performed for six biomedical research fields.  
Methods 
Citation analyses were performed for the following six biomedical topics: the association between 
trans fat intake and serum cholesterol; swimming in chlorinated water in association with childhood 
asthma; epidemiological research on health effects of bisphenol A; the validity of the hygiene 
hypothesis for the etiology of asthma; epidemiological research on health effects of phthalates; the 
association between diesel emission and lung cancer in humans. These topics were selected for 
several reasons. First, they all related to epidemiological research, so that the authors could 
understand the methods described in the publications. Second, the topics were selected so that none 
of the authors of this publication has a conflict of interest, by being active in the topics under study. 
Third, each network described a clearly delineated research questions, so that each publication had a 
realistic probability of being cited by the later publications in the network. Finally, we aimed for the 
network to comprise between 100 and 200 publications. This decision was made for pragmatic 
reasons, since article selection and data extraction needed to be done manually and in duplo. Each 
citation analysis was based on a preregistered research protocol, which are available as online 
supplements to this publication. The data set for each citation analysis can be requested via the 
corresponding author and via https://dataverse.nl/dataverse/SoundScience. 
Our citation analysis method consisted of several steps, which were similar for each of the six 
subjects. First an extensive literature search was conducted in Web of Science – Core Collection. 
Although this database is not sufficient to identify all available publications, it is the only database that 
enabled us to download the references that are needed for the citation networks. Broad search 
strategies were developed, in consultation with content experts for each of the subjects, to include as 








for missing publications, since this would interfere with the research question at hand. Table 1 
provides an overview of the in- and exclusion criteria used in each of the subjects, to  create networks 
of publications that can be expected to cite each other. Each network was restricted to English 
language publications with human participants. Article selection was based on title, abstract and full 
text, and was done by two researchers independently. Frequent consensus meetings were held 
between the researchers and in case of disagreement, a third researcher was consulted.  
 
- Insert table 1 - 
 
After the eligible publications had been identified, data were extracted for potential determinants of 
citation.  The following determinants were identified on the basis of previous research: study outcome, 
sample size, study design, gender, affiliation and continent of the corresponding author, journal impact 
factor, number of affiliations involved on the publication, authority of the author and citations in the 
network under study and occurrence of self-citation. Some variations existed in the operationalisation 
of these variables between the six networks due to topic-specific differences. The code book for data 
extraction in each of the networks was part of the pre-registered study protocols. Data extraction was 
done independently by two researchers, with consensus meetings that solved all disagreements. 
The networks of publications and citations were created by specialized software, called CitNetExplorer 
(30), by downloading the publications and their reference lists from Web of Science. To assess which 
factors influenced the probability of citation, we required an overview of all potential citation pathways 
and of the performed citations. A potential citation pathway exist when the online publication date of 
the cited publication was before the submission date of the citing publication. Only a selection of all 
potential citation pathways have actually taken place. The actual citations, as mentioned in the 
reference lists, were therefore addressed in this study as performed citations.  
In terms of statistical analysis, random effect logistic regression was performed. The outcome variable 
was measured dichotomously as a performed or not performed citation. Univariate analyses were 
performed for each of the aforementioned determinants. The following continuous determinants were 
reduced to three categories: sample size, number of affiliations, journal impact factor, number of 
references and authority of the author. Categorisation was done based on the tertiles of the 
continuous variables and was done to deal with their large continous variation and non-parametric 
distribution.  Each univariate analysis was adjusted for study design, as a categorical variable. 
Systematic reviews were thereby considered of the highest quality, followed by intervention studies, 
observational studies and narrative reviews. A random effect model was used to deal with the 
hierarchical data structure of the citation network. Namely, citation networks have a tree-like structure, 
consisting of  the level of the publication and the level of the citation. Multiple citations are bundled in 
one publication. Because of this structure, the citations are not completely independent of each other, 
since they belong in groups to the same publication, sharing the same characteristics. Additional to 
this random effect analyses, we assessed whether authors are more likely to cite publications that 
share the same characteristics. We describe this as concordance between the cited and citing 









publications have a supportive outcome, this was scored as concordant. By means of fixed effect 
logistic regression, we assessed whether concordance between the cited and citing publication 
influenced the probability of citation in comparison to the non-concordant situation in which the cited 
and citing publication did not share the same characteristic. All statistical analyses have been 
performed in Stata 13.  
Results 
Table 2 displays basic characteristics of the six citation networks under study. The results of each 
citation analysis have been published earlier (31-35). Five out of six networks contain around 100 
publications or more, with a citation prevalence between 6% and 15%. Number of citations per 
publication is very skewly distributed, as displayed by the median and IQR in table 2. The supportive 
publications outnumbered the non-supportive publications in each network, suggesting presence of 
publication bias. A publication was defined supportive when the authors’ conclusion was in line with 
the prevailing hypothesis in that field.  
 
- insert table 2 -  
 
An overview of the descriptive statistics for all determinants in the six networks can be found in 
supplementary table 1. Table 3 provides an overview of odds ratios, adjusted for study design, for 
each of the assessed determinants of citation, over the six networks. With this table, we aim to create 
a schematic overview of the magnitude and signifance level of all tested associations, across the six 
networks. Four networks found a significant, positive association between studies reporting supportive 
findings and the probability of citation. Five networks found a positive correlation between sample size 
and the probability of citation. Journal impact factor and the authority of the author were positively 
correlated to citation in all six networks. To avoid interference between these determinants and the 
probability of being cited in our analyses, journal impact factor and the authority of all authors were 
measured at the moment the cited article was published, so its citations were not included in the 
calculation of the impact factor and authority. Other determinants under study showed substantial 
variation in their association to the probability of citation across these networks.  
 
- insert table 3 -  
 
Additionally we looked at the concordance between the cited and citing publication in relation to the 
probability of citation. Table 4, reports the results of these analyses. 
 
- insert table 4 -  
 
Interestingly, we did not find that authors are more likely to cite publications with the same study 
conclusion. This means both supportive and non-supportive studies are likely to cite supportive 









publication, was significantly associated with the probability of citation in all networks. Authors were 
three to six times more likely to cite their own publications compared to the publications of others. 
Finally, authors are more likely to cite studies performed on the same continent.  
 
Discussion 
Aim of this study was to describe determinants of citation across six biomedical fields. Four out of six 
networks showed a statistically significant higher probability of being cited for supportive publications 
compared to non-supportive publications. The magnitude of this association varied among the 
networks, finding a 40 to 300% higher probability of being cited for a positive study in comparison to a 
negative study.. Authority of the author and the journal impact factor have also been found significant 
determinants of citation across the six fields, together with self-citation. It is difficult to determine the 
potential harm of self-citation on knowledge development. When the citation is done in the methods 
section, to refer to an earlier used methodology, this may not lead to bias. If self-citations are used in 
the introduction or discussion, to stress one’s own conviction, this could lead to bias. Looking at the 
content of studies, five networks showed a significantly higher probability of being cited for 
publications with a large sample size compared to publications with less participants. This is good 
news, given that a higher sample size could be seen as a proxy of the quality of a study. With regard 
to study design, results were different than expected. We expected that reviews would have a higher 
probability of being cited compared to empirical studies, following the idea that empirical studies will 
be substantially less cited once they have been taken up in a (systematic) review. Nevertheless, in 
four networks empirical studies actually had a significantly higher probability of being cited compared 
to reviews. Potentially these findings can be explained by the high number of narrative reviews in the 
networks compared to systematic reviews. Due to the low number of systematic reviews in each 
network, it was not possible to analyse their effect seperately. 
In interpreting and comparing the findings of the six citation networks we learned that each research 
topic had very specific characteristics. The field of trans fats and cholesterol has a consensus that 
trans fats increase LDL-cholesterol and decrease HDL-cholesterol (36). This was strongly driven by 
the first human publication in this network (37), which attracted many citations within the network. The 
network on chlorinated swimming water and childhood asthma was known for two opposing research 
groups. These two groups do cite each other, showing no evidence for citation bias, but probably with 
the goal to refute each other’s findings. The networks on bisphenol A and phthalates included multiple 
health outcomes. Therefore multiple subnetworks exist within the studied pool of publications. In the 
public debate, BPA and phthalates are labeled as endocrine disruptors, being harmful for human 
health, without making reference to specific health outcomes (38). In the network on BPA 60 out of 
169 publications did not receive any citations, indicating research waste. In the network on diesel 
emission and lung cancer, industry involvement played a large role. The diesel industry criticized 
findings from studies that showed harmful effects of diesel exhaust exposure, referring to 
methodological flaws in these studies. We learned that these network characteristics impact the 












We recognise our study has several limitations. Firstly, we have created the networks only on the 
basis of Web of Science, making it likely that not all available publications have been identified. 
However, this database was the only one who enabled us to set up a citation network, by downloading 
all the underlying reference lists. Nevertheless, we think that the networks as created give a good 
representation of the available literature and we have no reason to believe that the determinants of 
citation would have been different if literature from other sources had been included. Second, we only 
adjusted for study design as potential confounder. Initially we planned to include all determinants that 
were statistically significant at univariate level in the multivariate analysis. However, this led to very 
wide confidence intervals, making its interpretation very difficult. Based on several tests with study 
quality checklists, we learned that most variation in quality exists between study designs instead of 
within designs. Another limitation lies in the fact that continuous variables were reduced to three 
categories. This was done to improve the interpretation of the results, since there was a large spread 
in the continuous variables. We recognise this might lead to a reduction of statistical power. On the 
other hand, literature suggests that the number of type I and type II errors are not impacted when no 
multicollinearity is expected (39), which is not the case in our analyses.  
 
Conclusion 
This research showed that the probability of being cited was associated with study outcome in several 
research fields, indicating evidence for citation bias. Additionally, the odds of being cited was higher 
with increased journal impact factor, authority of the author and self-citation, across all six fields under 
study. With regard to other determinants of citation, many differences between the six biomedical 
topics were identified. We have learned that each citation network has specific characteristics that 
impact the data extraction and interpretation of the results, such as relevant confounders and 
influential publications. Concluding, attention should be paid to balanced citations of publications, to 
make sure knowledge development takes place in a balanced manner. In this publication we studied 
citations in a quantitative way. Further, qualitative, studies are needed to also acquire insight in the 
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Table 1: Overview of the inclusion and exclusion criteria for each of the six citation networks 









Trans fatty acids and 
cholesterol 
- The effect of industrially produced trans 
fatty acids on LDL- and/or HDL-
cholesterol is reported as one of the 
study outcomes. 
- Study design is observational (cross-
sectional or cohort), intervention study, 
review or other type of synthesis paper 
(editorial, commentary etc.) in humans 
- Publications solely including ruminant 
trans fatty acid, dairy products or 
conjugated linoleic acid as determinant 
- Study outcomes not directly related to  
cholesterol (e.g. sudden cardiac death, 
gut inflammation, cancer etc.) 
- Determinants other than dietary intake 
of fatty acids (e.g. erythrocyte, plasma 
lipid, circulating lipids, etc.) 
 
Swimming in 
chlorinated water and 
childhood asthma 
- Publications assessing the relation 
between swimming in indoor chlorinated 
pools and asthma 
- Study design is observational (cross-
sectional, cohort, case control, 
ecological), experimental, review or other 
type of synthesis paper in humans 
- Asthma can be assessed in several 
ways: by doctor’s diagnosis, self-
assessment (or parents’ assessments), 
asthma-related symptoms, lung tests, 
and blood biomarkers 
 
- Publications not including indoor 
chlorinated swimming pools, or in which 
indoor chlorinated pools can not be 
clearly distuinguished from outdoor pools 
or non-chlorinated pools. 
- Publications based on non-swimmers, 
e.g. swimming pool workers. 
- Publications not including 18- 
swimmers, or in which 18- swimmers can 
not be clearly distuinguished from 18+ 
swimmers 
Epidemiological 
research on bisphenol 
A 
- Epidemiological studies on human 
subjects studying the association 
between bisphenol A and any health 
effect 
- Study designs is cohort study, cross 
sectional study, case control study, 
experimental study, narrative review and 
systematic review with or without meta-
analysis 
 
- In vitro or animal studies on the potential 
health effects of bisphenol A 
- Ecological studies on exposure rates of 
bisphenol A 
- Policy documents on the regulation of 




and etiology of asthma 
- Articles assessing evidence for (or 
against) the hygiene hypothesis. One or 
both of the following health outcomes 
must be measured: asthma, or hay 
fever/allergic rhinitis. Determinant is 
exposure to bacteria and/or allergens. 
This exposure can be measured by 
proxy. 
- Study design is observational (cross-
sectional, cohort, case-control, 
ecological), experimental, review, or 
editorial in humans.  
 
- Basic studies that focus on the 
mechanism by which hygiene has an 
impact on allergy 
- Meeting abstracts, news items, no 
fulltext available, not peer-reviewed 
articles, book chapters 
- Articles mainly focused on auto-immune 




research on phthalates 
- Studies on human health effects of 
MEHP 
- Study designs is cohort study, cross 
sectional study, case control study, 
experimental study, narrative review and 
systematic review with or without meta-
analysis 
 
- In vitro or animal studies on the potential 
health effects of phthalates 
- Ecological studies describing exposure 
rates of phthalates 
- Policy documents on the regulation of 
availability of phthalates in the 
environment 
Diesel emission and 
lung cancer 
- Publications providing or assessing 
evidence on the association between 
diesel exposure and cancer. At least one 
of the following health outcomes must be 
evaluated: bladder cancer or lung cancer. 
Determinant is diesel exposure. This 
exposure can be measured by proxy or 
job occupation.  
- Study design is cross-sectional study, 
- Meeting abstracts, news items, no 
fulltext available, non-peer-reviewed 
publications, book chapters 
- Basic studies that focus on the 
mechanism by which diesel exposure has 











cohort study, case-control study, 
experimental study, or review (narrative, 





Table 2. Overview of basic characteristics of six citation networks 
















publications in each 
network 
108 36 169 110 112 96 
Number of potential 
citation pathways 
among the 
publications in the 
network 
5041 570 12432 
 
5551 5684 4317 
Percentage performed 
citations in the 
network 
13% 34% 6% 7% 10% 16% 
Median number  (IQR) 
of citations per 
publication within the 
network 
2 (0-7) 4 (0-8) 1 (0-5) 1 (0-4) 2 (0-7) 5 (1-10) 
Highest number of 
citations received by 
one publication 
73 26 64 35 33 34 
Time period of 
publication years 
1990-2015 2002-2015 2002-2017 1995-2017 2000-2018 1988-2017 
Number of supportive 
vs non-supportive 
publications* 
86 vs 16 16 vs 10 92 vs 28 41 vs 35 35 vs 30 51 vs 34 
* The number of supportive and non-supportive publications do not add up to the number of total publications in 
each network. Reason for this discrepancy is that a number of publications did not report one clear supportive or 
non-supportive conclusion. These inconclusive or mixed publications were excluded from the last row of the table.  
 
Tabel 3: Overview of odds ratios, adjusted for study design, of the association between various determinants and 
the probability of being cited in six different networks 
























3.2 (2.5-4.2) 1.3 (0.8-2.3) 1.5 (1.2-1.8) -* 1.0 (0.7-1.3) -* 









conclusion  Non-supportive      
Study design**  Empirical vs 
review 
3.9 (3.2-4.8) 3.6 (2.3-5.7) 1.6 (1.3-1.9) 4.3 (3.2-5.7) 1.1 (0.9-1.4) 1.1 (0.9-1.4) 
Sample size**  High vs low 7.7 (4.6-13) 6.4 (3.1-13) 
  
1.4 (1.1-1.7) 1.9 (1.2-3.0) 
 









1.3 (1.1-1.5) 0.8 (0.5-1.1) 
Number of 
affiliations 
High vs low 1.1 (0.9-1.4) 1.4 (0.9-2.3) 1.3 (1.1-1.7) 1.6 (1.1-2.2) 1.1 (0.9-1.3) 3.4 (2.6-4.3) 
Journal 
impact factor 
High vs low 
 





1.2 (0.9-1.6) 2.0 (1.2-3.5) 
  
-* 0.8 (0.6-1.2) 
 
0.9 (0.7-1.2) 1.4 (1.0-1.9) 
Number of 
references 
High vs low 0.8 (0.6-1.0) 6.2 (3.1-12) 0.8 (0.7-0.9) 0.8 (0.5-1.3) 0.8 (0.6-1.0) 1.7 (1.3-2.2) 
  
Gender  Male vs female 1.5 (1.3-1.9) 1.8 (1.1-2.8) 
  
1.0 (0.9-1.1) 0.7 (0.6-1.0) 1.4 (1.2-1.7) 1.0 (0.8-1.2) 
Affilation  all other vs 
university  
1.2 (0.8-2.0) 0.8 (0.5-1.3) 1.3 (0.6-3.0) 2.0 (1.5-2.5) 
  
0.7 (0.6-0.8) 1.3 (1.0-1.5) 
  
Continent  N.-America vs 
Europe 
-* 1.2 (0.7-2.2) 1.6 (1.3-2.0) 0.9 (0.5-1.4) 1.2  (1.0-1.4) 1.8 (1.5-2.2) 
  
Authority  High vs low 6.4 (4.7-8.9) 3.6 (1.9-7.1) 3.3 (2.6-4.2) 2.7 (2.0-3.7) 1.6 (1.3-2.1) 4.9 (3.7-6.5) 
* Missing values, due to insufficient data to perform the respective analysis. ** For study design and sample size, 
only the crude OR are reported. 
Bold figures indicate statistically significant findings in the expected direction (p<0.05) 
 
 
Table 4. Concordance analyses for six citation networks 


















Author conclusion  1.9 (1.6-2.4) 1.6 (1.0-2.6) 1.1 (0.8-1.4) 3.4 (1.6-7.1) 0.9 (0.7-1.1) 1.2 (1.0-1.4) 
Study design  1.3 (1.0-1.5) 1.4 (1.0-1.9) 1.4 (1.2-1.6) 1.1 (0.9-1.3) 1.8 (1.4-2.2) 0.4 (0.3-0.5) 
Journal impact 
factor 
0.5 (0.1-2.2) 0.9 (0.6-1.3) 1.3 (1.1-1.6) 1.0 (0.8-1.3) 0.8 (0.7-1.0) 1.2 (0.9-1.5) 
Funding source  0.8 (0.6-1.0) 1.1 (0.6-2.0) 1.5 (1.2-1.9) 1.2 (0.8-1.8) 1.0 (0.8-1.2) 0.7 (0.5-0.9) 
Gender  1.1 (0.9-1.3) 1.1 (0.8-1.6) 1.1 (0.9-1.3) 1.0 (0.8-1.3) 1.2 (1.0-1.5) 1.1 (0.9-1.3) 
Affiliation  of 
corresponding 
author 
1.1 (0.9-1.3) 2.1 (1.0-4.4) 0.9 (0.7-1.1) 0.8 (0.7-1.0) 1.0 (0.9-1.2) 1.0 (0.8-1.2) 
Continent  -* -* -* 2.0 (1.6-2.5) 1.4 (1.2-1.7) 1.8 (1.5-2.1) 
Self -citation  -* 5.4 (3.2-9.2) 5.2 (3.8-7.0) 6.1 (3.7-9.9) 3.2 (2.5-4.1) 4.1 (2.9-5.7) 
* Missing values, due to insufficient data to perform the respective analysis.  
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- Key points - 
 
What is new? 
 
Key Findings: 
• Citation bias might be quite common and amplifies the well-documented effects of publication 
bias 
• Authority of authors and journals as well as self-citation were also found to be generic 
determinants of citation  
 
What this adds to what was known?  
• Previously, citation analyses have been performed with a variation of methodologies. By using 
the same method on six networks, we were able to compare citation patterns across six 
research questions.  
 
What is the implication and what should change now? 
• Authors, reviewers and editors should be aware that citation bias is probably common and can 
hamper a balanced interpretation of study findings. 
• The likelihood of being cited is often not related to the quality of a study. This provides support 
for the growing concern about using the number of citations as metric in the assessment of 
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